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Abstract

Clinacanthus nutans (Burm.f.) Lindau (C. nutans) is native to tropical Asian countries and is an important
ingredient in the traditional medicinal system. It is of interest because of the flavonoids it contains, which
are rare in plants. It has traditionally been used to treat herpes infections and snake venoms. However, the
ability of C. nutans to counteract exogenous chemical-induced hepatotoxicity is not yet known.
Nonylphenol (NP) is a widely distributed environmental endocrine disruptor, and the liver is one of the
target organs for its toxic effects. In this study, we designed in vitro tests to investigate the protective
effect of ethanolic extracts from C. nutans leaf (CE) on NP-induced hepatotoxicity and its molecular
mechanism. Sixty yM NP was selected as the optimum to treat Hep G2 cells for 24 h to establish a cell
injury model, and the intervention doses of CE were 0.25, 0.5, 1, 2 mg/mL, followed by ERK inhibitor
(PD98059), P38 inhibitor (SB202190), Nrf2 inhibitor (ML385) to assist in validation of the intervention
mechanism. The results showed that CE could reverse NP-induced Hep G2 cytotoxicity and upregulated
cell survival, cellular GSH content, CAT viability and ATP content which was probably achieved by
inhibiting ERK/P38 mitogen-activated protein kinases (MAPKs) pathway and activating the nuclear
erythroid 2-related factor 2/Heme Oxygenase-1 (Nrf2/HO-1) pathway. These data suggest that CE play a
detoxifying role in NP-induced hepatotoxicity, which may be achieved by inhibiting the ERK/P38 MAPKs
pathway and activating the Nrf2/HO-1 pathway.

1. Introduction

NP is a recognized environmental endocrine disruptor and one of the 13 priority hazardous substances
listed by the European Union [1]. NP is utilized for the chemical industry production of surfactants,
detergents, emulsifiers, pesticides, lubricants, and oil additives. [2]. Humans can be exposed to NP in daily
life through a variety of ways, such as inhalation of air, intake of contaminated water, skin contact with
NP-containing consumer products, and consumption of NP-containing foods [3, 4]. Food intake has
become the main route of human exposure to NP. In the 2007 Chinese Total Diet Study, Yumin Niu et al.
measured the NP content in 144 food samples and found that NP was detected in 143[4]; 55 of 62
drinking water samples from 31 major cities in China were found the existence of NP [5]. Currently, most
NP toxicity studies have focused on NP's immune and reproductive toxicity [6—8], while its hepatotoxicity
has been less frequently reported. The liver is one of the essential organs in the body, not only for its
metabolic functions but also for detoxification and the secretion and excretion of bile. Therefore, the
health of the liver has a direct impact on the individual's health.

C. nutans, commonly known as the dual-use plant for medicine and food, is widely distributed in tropical
areas, mainly in Southeast Asia, such as Thailand and Malaysia. In China, it is primarily distributed in
Hainan, Jieyang, etc. Traditionally, C. nutans can treat herpes infections and snake bites [9], and research
reported that C. nutans possesses analgesic, anti-inflammatory, and antiviral activities against Herpes
simplex virus (HSV) and Varicella-zoster virus (VZV)[10]. In Thailand, the plant has been accepted as an
essential herb for primary health care by the Thai Ministry of Public Health [11]. Extracts of C. nutans
have been demonstrated in various studies to exhibit a variety of biological actions, including anti-
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tumour, anti-inflammatory, antioxidant, nephrotoxic, and antiviral properties. [12—18]. The effectiveness
of the medicine depends on the composition. Studies have reported that C. nutans leaves contain
triterpenoids, phytosterols, chlorophyll derivatives, sulfur-containing glycosides, and phenolic and
flavonoid compounds [11], phenolic and flavonoid compounds are of great interest. The main flavonoid
compounds in C. nutans are shaftoside, isoorientin, orientin, isovitexin, and vitexin, which are rare in
plants. These compounds possess important biological activities, including hepatoprotective activity
(isoorientin), antimicrobial activity (isoorientin, vitexin), and antioxidant activity (isovitexin) [19]. In
addition, some common polyphenolic compounds, such as catechins, gallic acid and chlorogenic acid,
have been shown to have critical physiological activities [20]. The pharmacological effects of C. nutans
have been noted in some studies, but no specific molecular mechanisms have been revealed, especially
the hepatoprotective effects [9].

Nrf2 is a transcription factor. Under normal physiological conditions, Nrf2 binds to its repressor Kelch-like
ECH binding protein 1 (Keap1) and is maintained at low levels in the cytosol; when cells are under
oxidative stress, Nrf2 breaks away from the control of Keap1 and translocates to the nucleus, activating
the transcription and expression of a series of antioxidant enzymes, phase Il detoxification enzymes and
phase lll transport proteins in response to oxidative stress [21]. Nrf2 has been reported to be activated by
MAPKs[22], a general term for a family of serine-threonine protein kinases. In response to extracellular
stimuli, MARKs can transmit signals from the cell surface to the cell interior as a tertiary kinase cascade,
thereby regulating cellular physiological processes such as inflammatory response and apoptosis [23,
24).

To observe the whole-food effect of C. nutans leaf, this study was designed to establish a liver injury
model using NP-induced Human hepatocellular carcinoma cells (Hep G2) to investigate the detoxification
effect of CE on NP-induced hepatotoxicity and the possible mechanism and to provide a theoretical basis
for further research on NP toxicity and the development of CE health care functions.

2. Materials And Methods
2.1 Preparation of plant extracts

The name Clinacanthus nutans (Burm.f.) Lindau has been checked (http://www.worldfloraonline.org/).
The C. nutans were collected from Hainan, China.

The leaves of C. nutans were purchased from the planting base of Songqing Technology Co. The fresh C.
nutans leaves were freeze-dried, crushed and passed through a 60 mesh sieve; the powder was accurately
weighed, and the extracts were extracted by ultrasonication (45°C, 90min, and 100W) by adding 70%
ethanol by volume at a ratio of 1:15. The extracts were centrifuged at 3000 r/min for 10 min. The leaf
residue of C. nutans was repeatedly extracted by ultrasonication. The extracts were filtered under a
vacuum after centrifugation. The filtrate was removed from ethanol and concentrated at 40 ~ 50 °C by
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rotary evaporation under reduced pressure to obtain the extracts; the extracts were freeze-dried to obtain
CE, which was stored at -20 °C for use.

2.2 Determination of total phenols content (TPC) and total
flavonoids content (TFC)

TPC in CE was determined using the Folin-Ciocalteu method.

Configuration of the standard curve: The master batch was diluted into 50, 100, 150, 200, 250, 300, 350,
and 400 pg/mL of standard solution. Added 125 pL of standard solution to 125 pL of Folin-Clocalteu's
phenol reagent and let stand for 6 min. Added 7% Na,CO5 (1.25 mL), made up to 3 mL with water (1.5 mL
with water) and left for 90 min. The absorbance was measured at 760 nm, and the standard curve was
plotted with absorbance as the vertical coordinate and gallic acid concentration as the horizontal
coordinate.

Determination of the sample: The CE was re-dissolved, and the absorbance was measured by 125 pL
according to the above procedure. The regression equation of the standard curve calculated the total
polyphenol content of CE.

TFC in CE was determined using the NaNO,-Al (Cl); method.

Preparation of standard curve: The mother liquor was diluted into 25, 50, 75, 100, 125, 150, 175, and 200
pg/mL of standard solution, respectively. Accurately pipetted 1 mL of rutin preparation solution into a 25
mL colorimetric tube, added 5% NaNO, solution 0.4 mL and mixed well, left for 6 min, then added 10%
Al(Cl)5 solution 0.4 mL and mixed well, left for 6 min, finally added 4% NaOH solution 4.0 mL, added with
80% ethanol and fixed to the scale, left for 15 min at room temperature, measured the absorbance at 510
nm The standard curve was plotted with absorbance as the vertical coordinate and rutin concentration as
the horizontal coordinate.

Determination of the sample: re-dissolved CE, took 1 mL into a 25 mL colorimetric tube, added 5% NaNO,
solution 0.4 mL and shaken well, left for 6 min, then added 10% Al (Cl)5 solution 0.4 mL and shaken well,
left for 6 min, finally added 4% NaOH solution 4.0 mL, added 80% ethanol to the scale, left for 15 min at
room temperature, measured the absorbance at 510 nm. The absorbance at 510 nm was measured, and
the content of flavonoids in CE was calculated by substituting it into the standard curve.

2.3 Cell culture

Hep G2 ((hepatocellular carcinoma; Cat. No. CL-0103) was obtained from Procell Life Sciences Co., Ltd.,
Wuhan, China. The cell culture medium was MEM complete culture medium containing 10% fetal bovine
serum (FBS), 1% penicillin-streptomycin (PEN-Streptomycin: 10000 U/ml) and 1% L-glutamine. The cell
culture environment was 37°C and 5% C02, and the culture medium was changed every 1-2 days under
normal conditions. NP and dimethyl sulfoxide (DMSQ) were purchased from Shanghai Macklin
Biochemical Co., Ltd and MP Biomedicals LLC, USA, respectively. According to the experimental design,
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log phase cells were taken and treated with dimethyl sulfoxide (solvent control, final concentration <
0.1%), NP (40, 50, 60, and 70 pM) or NP (60uM) combined with CE (0.25, 0.5, 1, 2 mg/mL) treatment. Cell
samples were subsequently obtained for correlation analysis.

2.4 Cell viability

Cells in the logarithmic growth phase were inoculated into 96-well plates at 3000 cells/well. 24 h later,
different concentrations of NP or CE were added, and six parallels were set for each concentration. After
incubation for 24 h, ten pL of CCK-8 reagent (Beijing Solaibao Technology Co., Ltd.) was added to each
well. The absorbance was measured at 450 nm after a two-hour dark incubation.

2.5 Determination of cellular oxidative stress-related
indicators

The glutathione (GSH) content kit and catalase (CAT) activity assay kit were purchased from Nanjing
Jiancheng Bioengineering Institute. After NP or CE treatment, the cells were washed with pre-chilled PBS,
lysed by adding lysis solution (Shanghai Beyotime Biotechnology Ltd.) for 30 min, collected in centrifuge
tubes, centrifuged for 10 min and then the supernatant was taken for the corresponding assay according
to the instructions. GSH content was expressed as micromoles per gram of protein, and CAT activity was
expressed as units of enzyme activity per mg of protein.

2.6 Determination of ATP content

The ATP content assay kit was purchased from Shanghai Beyotime Biotechnology Ltd. After 24 h of NP
or CE treatment, ATP lysis solution was added, and the cells were lysed on ice for 30 min.

2.7 Western blot analysis

Cells were inoculated in 6-well plates for 24 h and then treated with NP or CE for 24 h. Cells were
subsequently lysed with RIPA lysis solution on ice for 30 min, and the supernatant was centrifuged to
determine their protein concentration. Protein samples were boiled in a boiling water bath for 7 min and
stored in aliquots at -80°C ambient. 15 pg of protein samples were added to each well, and protein
electrophoresis was performed in 10% SDS-PAGE, then transferred onto PVDF membranes and blocked in
5% skim milk powder for 1.5 h. Subsequently, protein samples were incubated with p-ERK, ERK, p-P38,
P38, p-JNK, JNK, HO-1, Nrf2 and NQO1 primary antibodies overnight at 4°C. Horseradish peroxidase-
labelled secondary antibody (Affinity) was added and incubated at room temperature at a ratio of 1:6000
for one h. The optical density values of the samples were analyzed by Image J. The results were
expressed as the optical density value of the target protein divided by the optical density value of the
internal reference protein.

2.8 Statistical analysis

All raw data were collated in a Microsoft Excel database, while statistical analysis was performed using
SPSS 18.0. Data results were expressed as Mean + SD. One-way ANOVA was used to analyze differences
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between groups, and significant differences were accepted at P< 0.05, and highly significant differences
were accepted at P<0.01 confidence level.

3. Results
3.1 TPC and TFC of CE

As shown in Fig. 1 (d) and (), the standard curve equation of gallic acid was y = 0.0025x-0.0699, R? =

0.9941, and the standard curve equation of rutin was y = 0.0016x-0.027, R =0.9996. The TPC in CE was
57.37mg/g and the TFC was 41.56 mg/g.

3.2 Effect of NP administration on the viability of Hep G2
cells

As shown in Fig. 2(a), after using different concentrations of NP (3.125, 6.25, 12.5, 25, 50, 100, 200 pM)
on Hep G2 cells for 24 h, cell viability was not significantly different compared with the control group at
concentrations of 3.125 ~ 50uM,; cell viability was reduced to 13.33% and 2.04% at concentrations of
100pM and 200uM, with highly significant differences compared with the control group (P<0.01). To
select the appropriate NP concentration, Hep G2 cells were treated with 40, 50, 60, 70, 80, 90 and 100 M
for 24 h. The results are shown in Fig. 2(b) at concentrations of 40uM and 50 pM was not significantly
different compared with the control group; at concentrations of 60 uM and 70 pM, cell viability decreased
to 87.89% and 55.03%, respectively, with highly significant differences compared with the control group
(P<0.01). Subsequent experiments were selected at 0, 40, 50, 60 and 70 M.

To investigate whether NP produced cytotoxicity to Hep G2 cells, GSH content and CAT activity, which are
indicators of oxidative stress, and ATP content, which is an indicator of mitochondrial function, were
measured. As shown in Fig. 2(c)(d), when NP was applied to Hep G2 cells for 24 h, GSH content showed a
dose-dependent decrease, and the decrease was statistically significant at 50, 60 and 70uM (P<0.01).
Meanwhile, CAT vitality showed a trend of the first decrease and then increased, and the vitality dropped
to the lowest at 60 uM (P<0.01), but there was no significant difference between the CAT vitality of 60
UM and 70 uM (P>0.05). As shown in Fig. 2(e), when NP was applied to Hep G2 cells for 24 h, the ATP
content showed a tendency to increase and then decrease, and the decrease was statistically significant
at 60uM and 70uM compared with the control group (P<0.05, P<0.01).

3.3 Effect of NP administration on Nrf2 pathway in Hep G2
cells

To investigate whether NP affects the classical antioxidant and detoxification Nrf2 pathway, Hep G2 cells
were treated with different concentrations of NP for 24 h. As shown in Fig. 3(a)(b)(c), compared with the
control group, the protein contents of Nrf2, HO-1 and NQO1 decreased in a dose-dependent manner; Nrf2
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protein content decreased significantly at 40, 50, 60 and 70uM (P<0.01), and down-regulated its
downstream proteins HO-1 and NQO1 protein content. The results indicated that NP affects the
expression of Nrf2 pathway-related proteins.

3.4 Effect of NP administration on MAPKs pathway in Hep
G2 cells

The Nrf2 pathway may be activated by its upstream MAPKs pathway in addition to being directly
activated by ROS. To explore whether NP affects the MAPKs pathway, Hep G2 cells were treated with
different concentrations of NP for 24 h. As shown in Fig. 3(d)(e)(f), The expressions of p-ERK and p-P38
appeared to increase and then decrease while the total expressions of ERK and total P38 gradually
decreased with increasing doses of NP. p-ERK/ERK ratio showed a gradual increase, and p-P38/P38
showed an increase and then a decrease. This indicated that NP activated p-ERK and p-P38 at 40—-60 uM,
and at 70 pyM, NP inhibits p-ERK and p-P38 by suppressing total ERK and total P38; while p-JNK/JNK is
activated only at 70 uM (P<0.01). The following experiments used the NP concentration with 60 pM.

3.5 Intervention effect of CE on NP-induced cytotoxicity

To determine the concentration range of CE intervention in Hep G2, Hep G2 cells were treated with
different concentrations of CE (0.125,0.25,0.5, 1, 2, 4, 8, 16 mg/mL) for 24 h. The results of CCK-8
experiments showed that CE at low concentrations (0.125, 0.25, 0.5, 1, 2, 4, 8, 16 mg/mL) had an
activating effect on Hep G2 cell viability (P<0.05) at low concentration (0.125 mg/mL), while an
inhibitory dose-dependent impact (P<0.01) was observed at high concentrations (4-16 mg/mL).

The results of CCK-8 experiments showed a reduction in cell viability in the NP-treated group (P<0.01),
indicating that the NP cell injury model was successfully constructed; cell viability was increased after the
intervention with different concentrations (0.25 to 2 mg/mL)compared with the NP-treated group (P<
0.01). Therefore, 0.25, 0.5, T and 2 mg/mL were selected as CE intervention concentrations in the
subsequent experiments.

To investigate whether CE improved Hep G2 cytotoxicity caused by NP, GSH content, CAT activity and ATP
content were analyzed; as shown in Fig. 4, GSH content was downregulated in the NP group compared
with the control group (P<0.05), while GSH content was upregulated after CE intervention (P<0.05, P<
0.01). Meanwhile, CAT viability decreased in the NP group compared with the control group (P<0.01) and
increased after CE intervention with T mg/mL and 2 mg/mL (P<0.01); furthermore, ATP content
decreased in the NP group compared with the control group (P<0.01), and increased in a dose-dependent
manner after CE intervention (P<0.01). It was suggested that CE's intervention effect was on NP-induced
cytotoxicity.

3.6 CE alleviated the cytotoxicity of NP via the Nrf2
pathway
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To further study the protective mechanism of CE on NP-treated Hep G2 cells, the expression of Nrf2-
related pathway proteins was assayed. Nrf2 and HO-1 were down-regulated in the NP group compared
with the control group (P<0.05, P<0.01). At the same time, the content of Nrf2 increased and then
decreased after CE intervention, and the expression of its downstream pathway protein HO-1 was
upregulated. This suggested that CE intervention regulates the expression of Nrf2-related pathway
proteins in NP-treated Hep G2 cells.

3.7 CE alleviated the cytotoxicity of NP via the ERK1/2
pathway and P38

To investigate whether CE affected the expressions of MAPKs pathway proteins which were the upstream
regulators of Nrf2, CE was applied to NP-treated Hep G2 cells for 24 h. As shown in Fig. 5, CE at 0.25-1
mg/mL dose-dependently down-regulated the activations of p-ERK/ERK and p-P38/P38 by NP, while NP
combined with 2 mg/mL CE upregulated the relative expression of p-ERK/ERK, p-P38/P38 proteins,
suggesting that CE at 0.25 ~ 1 mg/mL had a downregulatory effect on NP-induced MAPKs activation,
and therefore, T mg/mL was chosen for the following experiments.

3.8 CE affected Nrf2 pathway through ERK1/2 and P38 to
alleviate the cytotoxicity of NP

Next, we verified the effect of CE on the activation of p-ERK/ERK due to NP. ERK1/2 is an essential
upstream signaling molecule in the Nrf2/HO-1 pathway. As shown in Fig. 6(a), NP group had an
activating effect on p-ERK/ERK, while CE intervention significantly decreased the expression of p-
ERK/ERK and upregulated the expression of downstream pathway proteins Nrf2 and HO-1. Meanwhile,
ERK1/2 inhibitor (PD98059) down-regulated p-ERK/ERK expression and upregulated downstream
pathway protein Nrf2 and HO-1 expression in NP-treated Hep G2 cells. These results were consistent with
the results after CE intervention in NP-treated Hep G2 cells, suggesting that CE might upregulate the
expression of transcription factor Nrf2 and its downstream detoxification protein HO-1 by inhibiting NP-
induced p-ERK/ERK expression in Hep G2 cells.

To verify the effect of CE on NP-induced activation of p-P38/P38, the P38 inhibitor (SB202190) was used
on NP-treated Hep G2 cells. p38 is the same as ERK1/2, which is an important upstream signaling
molecule in the Nrf2/HO-1 pathway. As shown in Fig. 6(b), the NP group had an activating effect on p-
P38/P38, while CE intervention significantly reduced the expression of p-P38/P38 and upregulated the
expression of downstream pathway proteins Nrf2 and HO-1. Meanwhile, SB202190 down-regulated the
expression of p-P38/P38 and upregulated the expression of downstream pathway proteins Nrf2 and HO-1
in NP-treated Hep G2 cells. These results were also consistent with the results after CE intervention in NP-
treated Hep G2 cells, suggesting that CE might upregulate the expression of transcription factor Nrf2 and
its downstream detoxification protein HO-1 by inhibiting NP-induced expression of p-P38/P38 in Hep G2
cells.
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To verify whether CE regulated NP-induced Hep G2 cell injury via Nrf2, Hep G2 cells co-interacted with CE
and NP were intervened using the Nrf2 inhibitor ML385. As shown in Fig. 6(c), the NP group
downregulated the expression of Nrf2 and thus HO-1 compared to the control group, and the expression
of Nrf2 and HO-1 increased after intervention with CE; further addition of the Nrf2 inhibitor (ML385)
resulted in a dose-dependent downregulation of Nrf2 and HO-1 expression compared to the CE and NP
co-interaction group; subsequently, it was explored whether Nrf2 inhibition affected the expression of
upstream proteins ERK1/2, P38, and the results showed that NP group activated the expression of p-
ERK/ERK, p-P38/P38, and the expression of p-ERK/ERK, p-P38/P38 was significantly reduced after the
intervention of CE; meanwhile, the addition of Nrf2 inhibitor (ML385) dose-dependently upregulated the
expression of p-ERK/ERK, p-P38/P38 compared with the CE and NP co-interaction group.

4. Discussion

NP is a recognized class of environmental toxicants; food intake has become the main route of human
exposure to NP. There are abundant studies on NP 's reproductive and developmental toxicity [6, 7, 25],
but there are fewer studies on NP-induced liver damage. As the major metabolic and detoxification organ,
the liver contributes to health maintenance, which is essential in increasing exposure to environmental
pollutants. The present study found that different concentrations of NP caused dose-dependent damage
to Hep G2 cells. NP resulted in decreased cell survival, decreased expression of oxidative stress-related
indexes GSH content and CAT vitality, and decreased mitochondrial function-related indexes ATP content
in Hep G2 cells. Similar conclusions were reached in previous studies on both cellular and animal
experiments [26—28]. Dandan Shan et al. found that NP-treated Hep G2 cells caused a decrease in cell
survival [26]; Rui Shi et al. found a decrease in GSH content and CAT viability in liver tissue of the NP-
treated group in rats [27]; Lin-Lin Hu et al. showed that NP exposure in mice resulted in decreased ATP
levels and abnormal mitochondrial function [28]. To explore the molecular mechanisms of NP toxicity in
more detail, we investigated the Nrf2/HO-1 signaling pathway. The results showed that NP
downregulated the expression of Nrf2, a key transcription factor for liver detoxification, and its
downstream antioxidant proteins HO-1 and NQO1. This downregulation might be achieved by activating
MAPKs-related pathway proteins p-ERK/ERK, p-P38/P38, and p-JNK/JNK. This is the same as the
previous findings [29, 30]. Nrf2 play a key role in regulating the mRNAs of many phases | and Il drug
metabolism genes as well as some efflux transport proteins, such as HO-1, a downstream protein of Nrf2,
whose increased expression is regulated by the activation of Nrf2 and is thought to have strong
antioxidant and anti-inflammatory properties [31]. NP-induced cellular injury may be mediated by
activation of the MAPKs pathway, and thus by inhibiting the level of Nrf2 down-regulates the expression
of antioxidant proteins HO-1 and NQOT, thus imbalancing cellular oxidative stress levels.

Flavonoid compounds, as a class of plant secondary metabolites, are of wide interest for their biological
activities. Studies have shown that flavonoid compounds have a high antioxidant capacity, control the
accumulation of reactive oxygen species (ROS), and are highly relevant to human health [32]. In the
present study, the TFC was 41.56 mg/g, and the TPC was 57.37 mg/g in CE. CE was used to intervene in

NP-treated Hep G2 cells and was found to dose-dependently reverse the cellular damage caused by NP. At
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the epistatic level, CE reversed the NP-induced decrease in cell survival, oxidative stress-related indicators
of GSH content and CAT activity, and downregulation of mitochondrial function-related indicators of ATP;
in mechanistic studies, CE partially reversed NP-induced activations of p-ERK/ERK and p-P38/P38 and
upregulated the expression of Nrf2 and downstream detoxification protein HO-1. Previous studies showed
that the ethanolic extracts from C. nutans leaf are rich in flavonoids and polyphenols, which are of
interest because the flavonoids contained in them are rare in plants[33], C-glycosyl flavones, including
schaftoside, isovitexin, vitexin, orientin, and isoorientin, were identified by analysis of C. nutans leaf
extracts. Studies on various phytochemicals indicated that they possess important biological activities,
including antimicrobial activity(isoorientin, vitexin), hepatoprotective activity (schaftoside, isoorientin)
and antioxidant activity (isovitexin)[19, 34], as evidenced by their ability to upregulate the antioxidant
stress pathway involving Nrf2 and HO-1 production [35]; related studies also showed that flavonoid
compounds could regulate the transcription factor Nrf2 and its downstream protein HO-1 to improve the
inflammatory response and oxidative stress [36—39], such as Nagla A El-Shitany et al. found that icariin
could regulate carrageenan-induced acute inflammation through the HO-1 / Nrf2 signaling pathway [36];
Xinnong Liu et al. reported that isoliquiritigenin could improve acute pancreatitis in mice by inhibiting
oxidative stress and regulating the Nrf2/ HO-1 pathway [37]. In addition, related studies further found that
C. nutans leaf extracts down-regulates p-ERK, p-P38, and p-JNK activation in lipopolysaccharide (LPS)-
induced RAW264.7 macrophage inflammation[40]. These findings suggested that the detoxifying effect
of CE on NP-induced hepatotoxicity might be achieved through the inhibition of p-ERK/ERK and p-
P38/P38 activation and, thus upregulation of Nrf2 expression levels and activation of the downstream
antioxidant protein HO-1, which had an ameliorating effect on the imbalance of oxidative stress levels in
cells.

To further verify whether CE affected Nrf2/HO-1 pathway mainly via ERK1/2 and P38 and thus alleviated
NP-induced hepatotoxicity, cells were intervened using ERK inhibitor (PD98059), P38 inhibitor (SB202190)
and Nrf2 inhibitor (ML385). The results showed that CE could exert the effects of ERK inhibitor and P38
inhibitor inhibited NP-induced p-ERK/ERK and p-P38/P38 activation [41] and further upregulated the
expression of Nrf2 and downstream detoxification protein HO-1; meanwhile, the ameliorative effect of CE
on NP-induced hepatotoxicity was diminished by using Nrf2 inhibitor, the expression of Nrf2 and
downstream HO-1 was reduced, and the expressions of upstream p-ERK/ERK, p-P38/ P38 were further
determined. Both were found to be activated again. The above results suggested that CE mainly affects
the Nrf2/HO-1 pathway via ERK1/2 and P38 to alleviate the NP-induced cell injury.

In the current study, NP could cause dose-dependent cell damage to Hep G2, including decreased cell
survival, reduced GSH content and CAT activity, which were indicators of oxidative stress evaluation, and
reduced ATP, which was an indicator of mitochondrial function; this might be due to the activation of
MAPKSs pathway by NP and down-regulation of the expression of transcription factor Nrf2 and its
downstream detoxification proteins HO-1 and NQO1. CE was used to intervene in NP-treated Hep G2 cells,
and CE ameliorated NP-induced cell damage significantly. Further investigation of the mechanism of CE
intervention showed that the intervention was mainly achieved by inhibiting the ERK/P38 MAPKs

pathway and activating the Nrf2/HO-1 pathway. In light of the previous studies, it is proposed that the
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hepatoprotective effect of C. nutans might be caused by its flavonoids. However, more in-depth
investigations should be conducted to validate this. In a word, C. nutans will hopefully be developed as a
novel healthcare product to combat exogenous chemical toxicity and protect the liver from damage.
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C. nutans leaves, CE, TPC and TFC (a) Fresh C. nutans leaves; (b) Freeze-dried C. nutans leaves; (c)CE; (d)
Gallic acid standard curve; (e) Rutin standard curve; (f) TPC and TFC of CE (n=3).
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Figure 2

Cytotoxicity of NP on Hep G2 cells (a) (b) Cell viability of Hep G2 cells after 24h incubation with different
concentrations of NP (n=6); (c) (d) (¢) GSH content, CAT activity and ATP content of Hep G2 cells after
24h incubation with different concentrations of NP (n=3). (": P<0.05 compared with the control group; ™
P<0.01 compared with the control group.)
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Figure 3

NP affects the MAPKs/Nrf2 pathway in Hep G2 cells (a) (b) (c) NP affects the Nrf2 pathway in Hep G2
cells (n=3); (d) (e) (f) NP affects the MAPKs pathway in Hep G2 cells(n=3). (": P<0.05 compared with the
control group; ™: P<0.01 compared with the control group.)
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intervention with different concentrations of CE (n=6); (c) (d) (¢) GSH content, CAT activity and ATP

content of NP-treated Hep G2 cells after 24h intervention with different concentrations of CE (n=3). (*:
P<0.05 compared with the control group; ™: P<0.01 compared with the control group; # P<0.05 compared
with the NP group; #: P<0.01 compared with the NP group.)

Page 18/21



paE

e _g.
g g
Hoa | e
I’— Q —
Tubulin | ; g
NP(6ORM) - - NPOWM) - + 4+ 4 4
NP (6OP'M) - + + + + + CE(mg/mL) - - 02505 1 2 CE(mg/mL) - - 02505 1 2
CE (mg/mL) - =025 05 1 2

() Rk |

Tubulin | SR

ERK relative intensity
5

0o
NPEOWM) -+ o+ 4

CE(mgmlL) - - 02505 1 2 CE{mgmlL) - - 02505 1 2 CE(mgmL) - - 02505 1 2
NP (60pM) - + + + + +
CE(mgml) - - 025 05 1 2 .
() pP38 | ﬂ
NP (60uM) -+ + 4+ + o+
CE(mg/mL) - - 025 05 1 2

Figure 5

CE alleviates the cytotoxicity of NP via MAPKs/Nrf2 pathway(a) CE alleviates the cytotoxicity of NP via
Nrf2/HO-1 pathway(n=3); (b) (c) CE alleviates the cytotoxicity of NP via ERK1/2 and P38 pathway (n=3).
(": P<0.05 compared with the control group; ™: P<0.01 compared with the control group; #: P<0.05
compared with the NP group; ##: P<0.01 compared with the NP group.)
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Figure 6

ERK inhibitor (PD98059), P38 inhibitor (SB202190), and Nrf2 inhibitor (ML385) were used for verifying CE
alleviates the cytotoxicity of NP mainly depending on ERK1/2 and P38 to affect Nrf2/HO-1 pathway (a)
ERK inhibitor (PD98059) was used to verify CE alleviates the cytotoxicity of NP mainly depending on the
ERK1/2 pathway. (n=3); (b) P38 inhibitor (SB202190) was used for verifying CE alleviates the cytotoxicity
of NP mainly depending on the P38 pathway; (c) Nrf2 inhibitor (ML385) was used for verifying CE
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alleviates the cytotoxicity of NP mainly depend on Nrf2/HO-1 pathway. (*: P<0.05 compared with the
control group; ™: P<0.01 compared with the control group; *: P<0.05 compared with the NP group; ##:

P<0.01 compared with the NP group; ": P<0.05 compared with the NP and CE Co-cultivation group; *":
P<0.01 compared with the NP and CE Co-cultivation group)
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